Background: Stem cell-based bone tissue engineering with adipose-derived stromal cells (ASCs)
These data therefore suggest that CD90 may be a more effective marker than CD105 to isolate a highly osteogenic subpopulation for bone tissue engineering.
Introduction
Skeletal defects resulting from congenital deformities, trauma, degenerative disease, and tumor resection often require large amounts of bone for reconstruction. Bone defects above a critical size, particularly of the adult human skull, do not heal spontaneously, leading to nonunion and the formation of scar tissue. While autogenous bone grafts remain the gold standard for reconstructing large skeletal defects, due to the limited supply of donor sites, alloplastic materials have been used to fill in bone defects. However, the disadvantages of autogenous bone grafts and the increased risk of infection associated with alloplastic materials have fueled the search for an alternative approach to repair large skeletal defects.
Mesenchymal stem cells (MSCs) were first discovered in the bone marrow by tissue is 100-fold higher than that in the bone marrow and the yield of ASCs after expansion is approximately 400,000 cells per mL of lipoaspirate tissue. (3, 7, 8) Like BM-MSCs, ASCs have shown the ability to undergo osteogenic differentiation.
However, freshly isolated stromal vascular fraction (SVF) from adipose tissue contains a mixture This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Materials and Methods

Cell Isolation and Culture
Lipoaspiration specimens were obtained after acquiring informed consent from patients, 
In Vitro Osteogenic Differentiation Assay
For osteogenic differentiation, all assays were performed in triplicate wells. After attachment, cells were grown to at least 80% confluence before being cultured in ODM, which consisted of DMEM, High Glucose, GlutaMAX™, HEPES supplemented with 10% FBS, 1% P/S, 100 µg/mL ascorbic acid, and 10 mM β-glycerophosphate. Alkaline phosphatase staining and quantification were performed at 7 days. Photometric quantification of Alizarin red stain was performed at 14 days to assay extracellular mineralization, as previously This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. defect. Percentage healing was then determined by dividing the defect area by the defect size immediately postoperatively.
Histological Analysis
At 8 weeks postoperatively, calvaria were harvested, immediately fixed in 10% formalin overnight, decalcified in 19% EDTA, dehydrated through an ethanol series, and embedded in paraffin as previously described. (27) Deparaffinized sections were stained with Movat's Pentachrome to detect bone matrix formation. Bright-field images were obtained with a 20x
objective at room temperature using a Leica DM5000 microscope (Leica Microsystems Inc., Wetzlar, Germany) equipped with a DFC300FX camera. The images were analyzed using Leica IM1000 Version 4.0 Image Acquisition Software (Leica Microsystems).
Statistical Analysis
Numerical data are presented as means ± standard deviations. In figures, bar graphs represent means, and error bars represent one standard deviation. Unless otherwise stated, statistical analysis was performed using a one way analysis of variance (ANOVA) for multiple group comparisons and a two-tailed Student's t-test was used to directly compare two groups. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Results
Fluorescent Activated Cell Sorting
A strategy using FACS sorting on as few cell surface markers as 
Osteogenic Gene Expression
To determine whether this increase in osteogenic differentiation in vitro correlated with an increase in osteogenic gene expression, we examined transcript levels for markers of bone differentiation at baseline and after 7 and 14 days of ODM treatment. The CD90 + population demonstrated the greatest upregulation of osteogenic genes Runt-related transcription factor-2 (RUNX2), osteopontin (OPN), and osteocalcin (OCN) (*p < 0.05 and #p < 0.05, Figures 3A-3C) .
In Vivo Bone Formation
To evaluate the in vivo osteogenic capacity of these ASC populations, repair was performed using CD90 + , CD90 formation, but to a lesser degree when compared with the CD90 + group (Figure 5) . This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof.
Histological Analysis
Discussion
stimulation is known to change the phenotypic expression of cells. (49) This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. This article has been peer-reviewed and accepted for publication, but has yet to undergo copyediting and proof correction. The final published version may differ from this proof. In pentachrome stains, bone appears yellow. 
Figure Legends
